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^7S/) hy7x-^7$y, 4, 4' , 4" -hu 

X[N, N-fX (4"' -tert-7'f-/Wf 7x-/W- 

4""-^n 7$y) hy7x^i/7Sy, i, 3, 5 

-MJX CN- (4' -y7x-^75;7i-;H - 

N-7x^7S/) ^y-t'y&f) , *ryf^7xy 
&£X/Znmmfc. iKU -N - f n/^;^sy-;H^^ 

o. 1-4 os*%s^ti)fiK-r-i>. 

[00 60] ^3t«4(i. iE?L^J:t/*^±A<i#g, 

#Jfcft£Hj CWitf. ^y. ryhy-ty, fby 
■b>\ ei/y, MJi/y, ;ij^y, f*y?i^y, n 
n^y, fh77x-/l'y?n'<.y^yiy 1 ^y?y 
3.—fli/7w^3c J >)-i/x.y^ 9, io-y'7i- ;i/7y 
h?b>\ 9, 10-h'X(7x^xf^.;H 7y> 
7-fe>\ 1, 4-fX(9' -Xf^7yh5t- 
;p) ^y-tfy, 4, 4' -fx (9" -xfx^yb 
y*.-)V) t"7i-/« . h'JTU-^rSy^Wt: 

itzfc&mzmf&zttfx'zz,} » ^rn&jgm cw 

hUX (8-^y 'J^-M 7/PS-<7A. t** 

(io-<y/(h) dfy 'jy^-b) u^a, 2- 

(2' -tFDJfy7x — ^ ) V:*df /U^ffi 
ifiJ®, 2- (2' -hKo^fy7x- )V) ^.yVf-TV 

ycTX'J U»7AS, 5-b K 0^77 tfycO 7/1-5 - 
^JS} , x^-;Ky^##: {0Hx(f. 1, 1, 4, 4 



-f h57x-;P- 1 , 3-7?y'xy, 4,4' -f 
X (2, 2-y*7x-/H'z/H t'7x-/K 4,4' 
-b"X C ( 1 , 1 , 2-h 'J7xi/H If-^) f 7 

x^/H , 

[oo6i] 9 7'j ymaw* cuutf , nwi, ? 
7'jy6, ?vyy7, ?7>jy30, ?7»jyio 
6, ?7'jyi38, 77'Jyi5L ?vyyi5 

2, ?-?y>153. ^V'jy307, ?7Uy3 1 

l, ?7'jy3i4, yvu>3 34, ?vy>-33 
8, 7vyy343, nyysoo) s t^ypf* 

cwAar, dcmi, dcm2) , **-*rvyimw. 
tMttf. t^i/^H) , <yv'f77-;H^#: > 
^y v^**ir/-;WBHW»e, ^yy>( 5 rv-/H^ 

n - f -)V*t)V;*f-)Vi5i.V*:<r>Vmfa, X x ) 7 
xyfcJ:W<og»*, KVy ^-uytiXxSZcomm 

ft, tfU^/M-p^itf^SHift. !Ky7x-l/y 

t'-uyfciy^oi^*. 4?y t'7x-i/yt'-i/y 
fcit/^tfOi^ft. ^'J^-7xx|/yt'^wyfcM 

^yfxxpyt^I/yfc^W^WdCi:') 
[0062] XmicomW&RftXMTiztS^Xl*. % 

»*KI4. 0. 0 0 1-99. 99 
9Si%gJ£. J;>)J?^L<li> 0. 0 1-9 9. 9 9 

mm%nm, sfet=»*u<«, 0. 1-99. 9** 
[0063] *s6Bjttjv^fflv^fl&co«3t«WB*^rr 

J. Appl. Phys. , 65, 3610 (1989) , Sif 5- 
2 14 3 3 2 J: ^ (C. IBt/lSr*X MC 

-g-^fc ^x Mt^fcj ( H-y\-y h ) t «fc Oflraws ; fc 

TfflV^T^«&ffM-r-l." Sfetli. ^X 

mznmcommmitt&itis'fozmfh z t vx 
# , Mid memim&msm&tzi* b u r y -;ur 

* b y r y -;wt s yg|#f*ctc*f lt . 

S-fli^ftAfr. ff^KJl 0. 0 0 1M0I1%S 

XK>ntL<n. o. oi~3oii%t«, mz 

if£L<i*. 0. l~2 0SJI%®KflIffl-tft. 

[0064] *miizm&{£i#bAbmm-r&&%mr 

3t1x*«T;P5x.'7Ai§ft*W^ L< , JH«*fe(i*Jt 
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»t LTfcL flitf . HR* ( a ) jfcS ( c ) r 

(Q) 3 -A 1 

( Q) 2 -A 1 -O-L (b) 
QJiS#S8-*yy y^-MBftT&flU o 

*t*#»R 6-24 <9lfcffc*K*££fW- ) 
(Q) 2 -A 1 -O-A 1 - (Q) 2 ( c ) 

(3$*. Qfffl»i8-^y y y^-bffififl^ftf ) 
^ttfilS^Smoft^Jt l/tfi. Wilf, hyx 

f^-8-^/»jy7-M r/i^~*>A, hyx (5 

(3, 4-y^f^-8-^y'J/7-h) 7^5^ 
A. MIX (4, 5-y^f;l/-8-^y>jy5-b) 
T;P$-^A. MIX (4, 6-y>f;l/-8-^/'J 

y^-M t/ps-^a. 

[00 6 5] b'X (2-^f;l/-8-^y'jy7-h) 

(7x;7-h) t^$~^a, fx ( 2-yfvu-s 
-^yjy^h) (2-^f^7x/7-h)7^5 
t"x(2-^f;i/-8-^yy77-b) (3 
-^f;P7x/7-M t/^S-^a. fx 

(4"^f;P7x77-M 
t;P5~^a. fx (2-^f^-8-^y»jy7- 

M (2~7x-^7x77^b) 7^S^W, fX 
(2-^f/H8-^yy77-h) (3-7x^7 
x/7-f) T;^5-^A S fX (2-X+)V-&-* 
(4-7x^7x77-h) T/PS- 
*>A. fx (2-^f;^-8-^y'jy7^N) (2, 
3-y^f^7x77-h)7;^^, f X ( 2 ~ 
^f;l/-8-^y'J/7-h) (2, 6-Wf/^7x 
y^-h) T/US-^A, fx ( 2-^f/^-8-^7 
VSy-h) (3, 4-yyf/i/7xy7-h)7;i/S 
-*>A S fx (2-^f/l/-8-^r7'jy7-b) 
(3, 5-yyf^7xy7-h)7;l/S^A, fx 
(2-^f;p-8-^yyy7-b) (3, S-^'-te 

rt-7^)V7 j^Sy-V) T7U5~^A. fx ( 2 
f^-8-^7>J77^h) (2, 6-y7x^7x 

y^-M tvi^^a. fx (2-^^-8-^y 
yy^-M (2, 4, 6-h>j7x-/^7xy7- 

h) 7/1^5^, fx (2-^f/l/-8-^/'J/7 
-M (2, 4, 6-bWf;l/7x/7-h) T)V* 

~*>a s fx (2-y^-8-^yyy^-h) 

(2, 4, 5, 6-fh7^f^7x77-b)7;^ 

-*>a. fx ( 2-y^-8-^y y y^-M (i 
-t7b7-b) T/b$-^A, fx (2-^^-8 



-^yyy^-h) (2-t7b7-h)7/K^ 

A. fx (2, 4-y^f^-8-^yj/7-M 
(2-7x^7x77-b) T/l^-^A. fX 
(2, 4-y^f/P-8-^y'J77-h) (3-7x 

»/P7x/7-h) T^S-^A. fx (2, 4-s^y 

^;u-8-^y y y^-h) (4-7x^7x77- 
h) t/^s~^a. fx (2, 4-^f-;p-8-^y 

yy^-b) (3, 5-yyf;|/7x^;l/7x77- 

M t/i^-^a, fx (2, 4-yy^-8-^y 

yy^-h) (3, tert - y*^)V 7x^;l/7x 

[0 066] fX (2-^f;H8-^r7'J77-h) 
T^S^A-^-^-^V-fX (2-y^-8-^r 

yjy^-hi^i/S^A, fx (2, 4-^y^ 
-8-^y yy^-M rn^-^A-^-^y-f 

X(2, 4-yyf/l,-8-^7»J/7-h) 7/K^ 
^A. fx (2-^f/P-4-xf;|/-8-^yj77 
-h) T)V 5 A - ju-**V- fX (2-^f;H 
4-xf;^8-^ytJ77-h) TA-S—^A. fx 
(2-^f;l/-4-^h^y-8-Jf7>J77-M T 

-^A-^-^v-fx ( 2-y^-4-y h 

^y-8-^7'J77-h) T^S-^A. fX (2- 
^f/l/-5-y7y-8-^r7'J77^M T/PS-^ 
A-^-^f^y-fX (2-^f/P-5-y7/-8- 

^yyy^-h) t/w5~^a. fx (2-y^-5 

-h'j7;^n^f;P~8-^yy77-M T/l"$- 
^A-/z-^y-fX (2-^f;l/~5~b'j7W 
n^f;l/-8~^r7'J77^M T;W$-^ A&i: £^ 

[0067] m^±AMii«5(i. mmfr^cDm^cDfr 

*^0^W^|>{L^A^J:^/^^ttffi^«^a 
£fcf> hyx (8-^yiJ77-M T/l^-^A. f 

x ( i o-^/(h) 3v yy^-M ^y y^A, 5 

-h Vu^i/yytfycT)^) y^AJS. 5-hHn^ry 
77^>^T7l/5^^A^) , ^^fy77-;» 

1 , 3 -f X [ 5 ' - ( p -tert-y^)V7 
x-;U)-l, 3, 4-^tyT/-/I/-2' -4 

vvTY-)vmmw cm*, if. 3- 

(4' -tert-7>;P7x^) -4-7x^-5- 
(4" -t'7x-;H -1, 2, 4-h , J7y , -/i/) , 

Mir^waff*. ^yi^^i^*. ^yyyi^ft. 
*y*iry y7x-;^yyis*, ~bu 

[0068] *JWK«*ft^AfcflSO«^aAIIB3S 
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o. i-~-4o&m%nmzmmt&. smwhcuwc, 
*wmz&&tt&®iAb3m&im& cmm. mm.- 
( a > — ( c > vmnwtami zwmv 

X . «^ SAMMS & jfm-t & £ 4 I V \ 
[0069]^S6t LTJi, Jt(RWffc«SBfto/h$^ 

~?ytfy. 4 »/h y ^A. ^a, t/i^— ^a 

-yf-^A-£&, t^sx^a-^/i^^a^, tvp 
$x?A-v^*x<?A-&&, /77r^ hWK^rif* 

£*l£>tf>*Wlj«£fflVvC. i£*&, XKy* 

yy^au 4^y-\mm ; A. -f^yyu-7-^yym. 

7y>\9-A*y t.'-AS?5: fc'O^rftt: J: 0 , *^ *±A 

ffimx'bixi>x<. h h \ mzmffi&X'h ottJ: 
[0070] nffi^jf^ii. mm-r&mwstvmwiiz 

hX&tf. HRfc. 5-1 0 00nmgg, J:WiL 
<ti, 10-5 0 0nmSRCSgt4. ft, 

&Z\bt>m&L<. HRfc. ?Bfc^j§Si§*#* 7 0 %Ut 

[007 1]^, *«W«0*«lMH&3fc3B^t= J3 v ^-C 

xa. nizm%.-t&h(7)xn%<. mm. ivryy. 
t>n. mztf&Kiz, fvrv>x'h&. -wmm? 

i&mxb 0 , «k9#aL<tt, JETL^AIftillii'C* £ . 
ft, f^ff, IE?L&A*&S&Itc-SiI:5'xy^-£-g- 
* $ it § , 3E?L&AfifiM* + t 
£<, IE?L&A«j*«i:^«-fl>/l (fiaUJf, ftftM* 

mm. jEmxmmm) 

*cr)0. 0 1-5011%, ff4L<ll 0. 05 — 3 
0M%, XMJtLKlZ. 0. l-2 0fi*%T£> 



6. 

[0072] jetl^a«9jM«. kxm. m=?&mmm 
nj&mjmtzmLxte. mzm&-t&i>nx-\i%<. m 
m. Mmmm. 4*>immm. mmm^m (mi 

If, xtya-ba, ^-rxhjSs r> 

ttfO-Cti*^**, lO" 5 Torr SJScO*STT\ 5 0- 

6 o o°cgjg<o#:-Majg . - 5 0-3 

0 0 "CgJK^MuSJgT", 0. 005-50n m/sec 
[0073] dco^, I?LaA»3Mii, f63t«. *^ 

ciktcj; *). mnmz-mmtir^mm^^m^m 

[0074] iiMftci 0 , %-m*Bfcth%&, 
&m*&m-&mtb&\v±*:<?>tfvftb>u y?-mm 
mmzmm. t^tm.^xmm&b-th. ie?l 
&Ammm. mm. n^mxmmm^mizmmto 
h>M vy-mmb lxm. mm. ?icu-N-trryw 

vtcotmft. *° y f-x - w y t'^i^yfc j; tx-e<7)^i 

n. m&xmmLxi>j:<. f>zw±. mmmtxh 

[oo75] mwmmmtzx o - &m*B&-t&®&. 
&mzm&thmt*>&w**:<r>mtb>u yy-mm 
m^^mmm (mm. *??y. -f 

h;kxy, *isvy. xf/Ky-fe'y, l-^f- 

)i")~y ? is y%c ycr>m.fom%m%k . mm . r-t h 

^n^-tf yy^t'o^bylll, flaUlf, y7nn 
?do*U, f h57oo^?y, y^na 
x^y, b^nnx^y, f F5^nnx?y, 
o<y-tfy, x^oa^y-ify, ^anb^xy^t'^ 
^n^Wt^bK^f^, ^!i(f. Bf»xf-/p, 

B^KTS^k'cox^T-;^^, Plxtf, * 
*> y—)V. TDAV-zk, 79 J—)V. ^y? s-il. 
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#L MMf, N, N-y7f;^A75F, N, N- 
y^f;i/7-fef7SK, l -^f;k-2-enU Ky, 
i 2 ->f s yy'u y7 >\ V ^^-)VX)Vy * 

[oo76]^ ^frts*&fc tTtis wcwe*-* 

t^-f hc\t ifiX' £ . HRfctt . 0 . 1-50 £M%g 

jk. »*l<«, i~3o mmxw&comwmx'h 

^ZlZ. Z-foftnUmzttLT) . 5-9 9. 9fi*% 
SJK. »*L<»4, 10-9 9. 9MM%n^ J: 9W 

[00 77] ]E?LaAfftjt«. Ifcjfc*. H^&AfftMS 

imLtzm^zML. mm^^t^tmm±i- 

•OK 7/^o^-^>?i. *£*?4 )V*xit) 

-#>m%z<tt&mmwzmxhx$m?%> z. t& 

y^ *yixf;K sKU*— K jK'JTSK, ^ 
^JSlMKft. AHSflSRl. &Kfl8*fMD, 

fcmmiz&m-t&mm. m&x&mixii* 
coo78] *7t, nmizummtLx. mta. &m 

SrlftftSifcfCSS. IKS. ffliMT. 



« ^tryx^xmm txmm-t & z\thx*%h. 
[0079] ^mmmmammFm. hrc « 
SMBnas^^i: Lxffifflsns^ fvvxmm&tz 
li^Mmmcomf-t lx hmm-tz z t 4 . 

ffl, EPbT«E(±. HRfc, 2~3 0VgJ8tC*>4. *^ 
[0080] 

cuifiw] jut, m&M&zvmfflmzz*), 

3-y)V*7>7--)V-fc*7f8iA. 92s. 9, 10-y 
/nt7yb5*y3. 3 6g, ^+h'J f 7A4. 2 
4 gfeiy-fh^^rX ( hij7x^l/7*X7-f» ^ 
9i> ,r >A0. 6 9 gSr h;l^X>- ( 1 0 Om 1 ) ^J:l/>K 

(20ml ) *x5mmsffittz<, wjm&mz. o 

@M7/^t*7A?n7b/77^ (?WtB?S: h 
/Hy) T'SMILfc. b^xySrMJET«*t^f*. « 

it&foA- 1 W^^^^fe^ftt LT 4 . 8 6 gft 

: m/z = 5 7 8 
7C*^«f: C4.H2.iL/T 

C H 
tf-#fi (%) 9 5. 4 7 4. 5 3 

m®M (%) 9 5. 5 9 4. 4 1 

5 0°Clil± 

d^b"^H4> 5 0 0°C, 1 O" 5 Torr O^f+TT" 

©JRffiA ( bfrX-yf ) 3 9 9 n m 
[0081 ] SjS^1J2-38 

mmmttzmm. mmmnzsmtfz^mizmw 

y^ymmwzmmvtz, mim mi-ms) izim 
mLtz3-7)v*y>^-)v*^mmw. mt/mm. 

Ltz9, 10-^(3" -y)V^^y^r—)V) ryh? 

#0>Wm*: (nm) i>WitX7jiLtz. W, SitStl^ 

coi^Sia , 2 5 0 r KLhTft o ?t . 
[0082] 
[«1] 
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[oo87] mmm 1 

xmmi. fttifcSfls rthy, x^y-;^ffl^tl 
6 fc u v/^/yft» . 

fcBUetfclft, li»J3x 1 0-e Torr KJiEtfc. 
t-T. I TOiUflWLhfc:, 4, 4' -b*XCN-7x 
-;l^-N- (3" -^Wx-^) Tiy] t'7i- 
A"£HMHKK0. 2nm/sec t7 5 nm«f $Clf 

M TA-S — ^At 9, 10-y (3' 

^7yf-/H ryh^-try (W^b^WS-f-A- 10 

sec T'5 0 nmCOJJStftH^ (Mtfctl 0 0:0. 

5 ) f&KMt L>t. Nux(8-^yyy5 

-h) T/PS-^Afc. ^#3[J£0. 2nm/sec T'5 
-e^)±t=, V^*i^Afct6£. ^»aS0. 2nm/ 



sec T2 0 0 nmCOmZtZlWm (fiMJtl 0 : 1 ) L 

fc. 9a&Hffl»T. 12VcOil?I«E 
* fflJD Ufe i: £ 6 . 5 5 m A/ c m 2 a«SC#SB*l*: . 

[0 088] H»W2~4 1 

-3<m^M (.mm2) , «^-fb^w«#A-4<^ft 

wj4 ) . m^it^m^A- 1 o<7Xk-a-^ (ntsiH 
5 ) . wmitsmm^A- 1 i<nK&m mums ) , 

fl*Sfl:#fo#*A- 1 SOft^S (H«7 ) . f^jb 

2 3cr>ititVt (mam 1 o > . ^ft^wf^A- 2 5 

c^fb^tt (SSttHl 1 ) . «^b^ft*tA-2 9<0-fb 
(IQtfll 12). fi^-flS^IWWA- 3 3*Hfc&W 
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13), flK*fk£ft#*B - 3 tfXfc^ft ( HJfe 

« 1 4 > . &mit&®m*5-B - 6 o-fb^-ti (mmm 1 

5 ) , «^^b^t!»#^-B-7<0^k^j (gjfcffll 6 ) , 

flK*ft&HflH-B - 1 2coit^ immi i) .mi 
it&famnc - 1 coYt^j ( mm 1 8 ) , #^1=* 
#-^c -3coit^m mmm 19), w^^s-^c 
-4(?nt&m mmm2 0 ) , w^ft^ws^c - 7 co 
its® dW2 1 ) , tm^^m^c- 1 1 co-rt-a- 

ft (UWJ2 2 ) , «*^flj«#C- 1 8<^fb^-ft 

(^0!i2 3 ) , m^tsm^c-i 9coik&m m 
mm 2 4 ) , mnkit&faffiic - 23^^11 mmm 

2 5), ^-ffc^ftS^-C- 2 3cr>i\^m (J»J2 



[H6] 



6) , W*ft^Hlf^C-2 8^i (HJifi#ij2 

7) , «^b^fti»^c-4 3cw&to (mmm 2 

8) , ffii^t^nj#fc-4 4cwk$>fy (mmm 2 

9) , {^t-&ftf^C-4 7<0ft^| (H#£M3 

0) , ^-fk-^fts-f-c - 4 8 0)it-&®> (mmm 3 

1 ) s M^b^ft#^-c-5 lcoit&vn (mmm 3 

2 ) , M^k^»«#c- 5 2<7)i\Liztyi (mmm3 

3) , 09^Yk^Bj*#c-5 4^k^ft (HMM3 

4 ) . bcoits'm mmm 3 

5 ) , m^t^mnc- 5 9 (mmm3 

6) , mmti&n&^C -63 <7>fb£-ft (HMW3 

7) , w^k^Bj#^-c-6 6coit&m (mmm3 

8) , CT^-fb^-fts-^-c - 7 0 coit&fa (mmm 3 

9) , f^bS-ftS^C - 7 lOfbS* (I«IJ4 

0 ) , ffii^t^fts-g-c - 7 6coit^ (mmm4 1 > 
t, 1 2vcom.m.w±£mnLtztz*>. im-mmi. 

2m (H6~ft7 ) CijsL-fc. 
[0089] HMM 1 

mmmnzn^x. memcommzmbx , i^b-s-ft 
8-Jf y y y^— h) (4-7i-^7i/5-h)r 

ffit/trnttimLt:. zcom^z, imsm&T* 1 
2 v<jojsa«E & aura L/ci^, iws<o«3e*qiigs 

[00 9 0] Jtl8#lj2 

#^A-l<^b^ft£fiSffllf&ffcb »?{::, N-^yp- 

2 h^r? y Kysrffifflu^j^Mi, mmm 1 t 

=f- fc , K!l*#eimT ,12V coBSWtE £ EPJq t £ 

^*S:m2^^L^. 
[00 9 1] 



[0092] 
[*7] 





(c d/W ) 


(mA/cra 1 ) 




2 4 2 0 


5 4 




2 3 8 0 


5 4 




2 3 2 0 


5 3 




2 3 8 0 


5 4 




2 3 4 0 


5 5 




2 3 3 0 


5 6 




2 4 0 0 


5 4 


33feM9 


2 3 4 0 


5 5 


*JteWi 0 


2 3 3 0 


5 3 


mmm 1 1 


2 3 5 0 


5 4 


sfeffeW 1 2 


2 3 4 0 


5 4 


ifefrfeffl 1 3 


2 3 8 0 


5 5 


nwi 4 


2 5 2 0 


5 6 


mmm 1 5 


2 3 4 0 


5 3 1 




9 t 5 n 

Cm 0 J V 


0 0 


*»W1 7 


2 3 6 0 


5 4 


^SfeW 1 8 


2 4 2 0 


5 3 


5©feMl 9 


2 3 4 0 


5 6 


mm2 0 


2 3 5 0 


5 5 


^4feW2 1 


2 3 6 0 


5 4 


SJfeM 2 2 


2 3 7 0 


5 4 


^8feM2 3 


2 3 4 0 


5 7 
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ft**?? 








(cd/m a ) 


(mA/cm 1 ) 




2 4 2 0 


5 4 




2 3 6 0 


5 5 


£M$|26 


2 3 9 0 


5 5 




2 3 4 0 


5 4 


KKM2 8 


2 3 8 0 


5 5 


mm* 9 


2 3 6 0 


5 8 




2 3 5 0 


5 3 


snots i 


2 3 8 0 


5 3 




2 3 4 0 


5 4 




2 3 2 0 


5 5 


ijji lAWBf Q A 


Z □ u U 


□ 4 


^SfeS^3 5 


2 4 3 0 


5 5 


mm* b 


2 4 2 0 


5 3 


ggMg«H3 7 


2 3 8 0 


5 5 


sfeifeff! 3 8 


2 3 6 0 


5 4 


mm** 


2 3 4 0 


5 5 


mm aq 


2 3 3 0 


5 3 


mm*i 


2 4 0 0 


5 B 




117 0 


8 2 




15 5 0 


7 4 



[0093] mmi4 2 

/¥§ 2 0 0 nmco I TOWtl Srfi-f £#7 

t*y>. ^?;->vitm^xm 

teffligLfcEL ag«»£3x 1 O-e Torr 

*"*\ I TOIBIiilH, 4, 4' -t'X[N-7i 

-;p-n- (3" -^f*7i-;W rsy) t'7i- 

)\/ZMMWg.Q. 2 nm/sec T7 5 nm<Ol 

(2-^f;l/-8-^f/yy7-h) (4-7x-;1^7 
x77-h)7^S-7Ai: fffi^fc&WS#A - 3 *Xfc 
#8)3: , B£63Mr»&»6, aMBfiSO. 2 nm/sec 
X'5 0 nmCOff$^^» (fiiJrbl 0 0:1. 0 ) 

u %3tSi:t^. act, bux 

h) T^5-^A$r s ^*^JK0. 2 nm/sec t50 

C0±(C, v/^i^-AfcffiSr, IfMO. 2nm/se 
c T2 OOnmCOWStC^K* (JUtttl 0 : 1 ) LT 
RfefffcU ^aWIH63BIKFtft«Lfe. 1*14, 



JmLtzbZZ. 5 8 m A/ c m 2 cotESIK^SEtut . tt& 
2 3 8 0c d/m 2 Oimfe^3bWlKS<TJt. 
[0094] £tfcffl|4 3 
IS200 nmCDI TOlfli (ffiffi) 

4«#k T*b>. x.? J-)V*m^XM 

OIISgLfcflL Iflf^3xl O-s Torr fc*El,fc. 
*-f. ITO^HJl;ffi±tC. 4, 4' -b'X(N-7i 
-;U-N- (3" -^f^7x-;H 75/) t'7z- 
^fc3£*3S*0 . 2 nm/sec T7 5nm«J?§tH 

-jf^V-b'X ( (J/ y-h) T 

mmm*t> , 0 . 2 n m/sec t5 0nm»f 

(SSJt 1 0 0:2. 0 ) U WCMb L 

fc. ifcfc, hux (8-jfyjy7— h) r/ws-^ 

5: s ^#5SJ£ 0 . 2 n m/sec t50n mOf^Clf 

u m^xmmmt ttz. s^t-t^xy^ v/*v 

»7A£:§8£, 3l*j$JKO. 2 nm/sec T-2 0 0 nmtfO 

(aajti 0 : 1 ) L-ci&«fc u ^mm 

ESMSfflSlT. 1 2VWitt^1tjE£EMnL*:t^, 5 
7 m A/c m 2 . »l232 0c d/m 

[009 5] HJt^j4 4 
J¥3200 nnUOI TOj§njJH£ (Affi) 
XiU, (FtESCTL T-trhy, i?/-/^ffluti 

£HJ£l-fc», *»»*3X 1 0-6 Torr £«ELfc. 

ITO*5««±fc:, 4, 4' -t'X(N-7* 
~/W-N- (3" -^f^7x-;H 75/] t'7i- 
/U£l*j*£0. 2nm/sec t'7 5nm«S§Clf 

(2, 4-^^-8-^f/ T;l/5^<7 
J»-/t-**V-t:x ( 2, 4-^/^-^-8-^7 'J 
/5-M r^5-<7Ai:CT^t;^#^-A-7<73-ft,^ 

m%&mmmfr$>, mmmmo. 2 nm/sec r 

5 0nm^§(34±^« (SMJrbl 0 0 : 4. 0)t. 

wmt Liz. mz. hvx (&-*svyy-h) r 

^A*, mfjgJSO. 2 nm/sec T'5 0 nm<0 

V/^^"7Afc^?r. ^#jIS0. 2 nm/sec T" 
20 0nm(7)f§l:Jtlf (*»itl 0:1) tTHtS 
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tlkZZ,^ 5 7mA/cm2 coTOItfaWlfc . «K2 1 
3 0c d/m2 ^iTOfe^SfctfWBSft*:. 
[00 96] HjfS#lj4 5 

f$2 0 0nm<OITOIiti (AS) fc^TtStf? 
xMtSr, 7thy, x*y-^£fflvvoB 

fcBBjeUfcll, 0-5 Torr fcjSEUfc. 

*"*\ I TO)8B^«ffi±t=, 4, 4' -t"A[N-7i 
x/p-N- (3" -/f^7i-*) TS^D t'7i- 
/P£^#jSgO . 2 nm/sec T'7 5nm«I?CIi 
U I7U£A«i>*Jli: L/i, fcwc, -£<D±£, by* 

(8-*sv s7-h) r^s-v^t &&&&&&& 
a - i o^k^ftsr, Mchm&mfrt>. mmmmo. 

2 nm/sec T5 0 nmCOJSSt^S* (fiJtfcfcl 0 
0:6. 0) »Lt Jfcfc, MJ* (8-df 

y yy 5-m r^s^^i, 3g#^jgo. 2nm/ 

sec t5 0nm«f$|;lfU AMtSSJi t L 

0 . 2 n m/sec t2 0 0nm(7)f§ H^MIf ( S*Jt 
10:1) LT^St U }TflMMWfc31£* : F-&ff*L 

fc. fttRLfc^fclHfcft*?*;:, fg«#HMT. 1 2 
ViDH^^ES-EpJIItTti:^^. 5 8mA/c m 2 CO* 
ifcPatflfc. WK2 1 5 0 c d/m* fiD«Hfe<OS63fe& t 

[00 97] SUI0I4 6 
JP32 00nmcOITOaBJ§«ffi (»ffi) 
XS«2r. 4«£'J, T-thy. x^y-;^ffli^S 

£H$£Lfc8L I*M3X 10-« Torr KHLELfc. 

ITOaWt8±C, 4, 4' -h'^(N-7i 
-fr-N- (3" -^f;1^7x-^) 7S7) b'7x^ 
A'SSMBBK 0 . 2 n m/sec t7 5n mOff^ &C^» 

(s-^yyy^-H r^s-^At^-fb^s-f- 

2 nm/sec T'5 0 nmcO/f Stft^* (SMJtl 0 
0:10) L MlfcU. r-'JX (8-dfy 

'Jy5-H T/US-^A*, 3E*5*KO. 2nm/se 
c T5 0nm»f§CMU m^&Aft&JIi: L*:. 
$t(C-?-0±t, V^^Afc**. H*MJg0. 2 
nm/sec f'2 0 0nm(0f$|;ltH (**Jt 1 0 : 

i) ixmmtt. nwmR$£m=?*imLtz. ft. 

«E*EPflnU:4:£^ 6 0mA/cm2 COm&^tl 
fc. fliJK 2 2 5 0 c d/m^ <D*Sfecof63tj&qiBSii 



[0098] *M^iJ4 7 
VS2 0 0nmOITOiBmS(ifi) 

xa«5r, *tt*5WL rtr^, 

6 u v/jj-y ygfe^ ufca, ^*j§b<os«*;i^'- 

fcESSLfcft, If«J3xl 0- B Torr (C«ELfc. 
4t\ ITOa^lEffi±C. 4, 4' -t'X (N-7i 

-;i^-n- (3" -^f/i^7x-/n rsy] t'7i- 

^Zm^mm 0 . 2 n m/sec T7 5 n m<0WS 

(8-dfyjy5-h) r^s^^At^-fb^^ 

C-7 0^^^ #*&$S»iliK^ ^»&J£0. 
2 n m/sec T 5 0 n mOJ£3 t»» ( SSJt 1 0 
0 : 1 . 0 ) L, ^^A^jMS^^ia^ll^i: L 

0 . 2 nm/sec T'2 0 0 nmC9J?3fc:#3Mff (SJtfct 
10:1) LTH*fc L. ^«W*»3te«^*fHHL- 
-t. ft, aaHi, aHMf<o«Ett»*«-5fc**»«U 
fc. fl^bfcWWMWfciamc. *&»SHSIT. 1 2 
V<?3ifiiiW£E*EfflniLfeki6, 58mA/cm2 CO* 
SS*Wl*:. ff£ 1 9 7 0 c d/m 2 cOWUfecO^^" 

[0099] mm4 8 

J*S2 0 0 nm<0ITOjSHJ«ffi (»«) S:*^4^5 

xmwii, #mm, rthy, x^y-^srfflv^s 

h C u v/^/y^ LfcflL IfM^II*/^- 

tHSL^a, lf«^3Xl 0-e Torr t«EL/S. 
4*^, ITOaB^tS±t:, 4,4' -\lX (N-7x 
(3" -X+)V7*—)V) t'7x- 
^*i(MlfiS* 0 . 2 n m/sec T 7 5 n m^Off $ ^Jg* 
L, IE?L?±A#3tai: tfe. &Wt\ ^WJitc. CT^k 
•S*##C - 7 0 CDitism* s H*3«« 0 . 2 n m/se 
c T'5 0nm<DJ|E$^*U fl^i: Ufc. *V^T. 
-?-<0±fc. 1 , 3-t*X[5' - ( p -tert-y'f-;1^7 
x-/H-l, 3, 4 -^^'TV'-;P- 2 ' i 
)V) *.y*£y&^ WgMJ&O. 2 nm/sec T5 0 nm 
^J¥?tc^*L. *TJ±AI,l3M*i:L^o S^>(c-e<0± 
IS*a-S0. 2 nm/sec T" 
20 0nm«0ffS{C^S* (SMJtl 0:1) LTUffi 

tu ^r««#»3t«i t *ff»Lfe. ^*{±, mm 

f63te3B^ t= , ^M#H^T ,14V coitSWE * EP3D L 
Jtfc^^>, 41mA/cm2 <?5«aW«aaX3t o 1 8 
50cd/m2 «0W»fe«0«3K*»W|gSnfe. 

[oioo] mm\4 9 

f§200 nmtOI TOjg B JMfli (AfiE) Sr*t"-?>^'5 

^aas*. »MiHBW, r^zby. ^fs-frzm^xm 
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fcHJEWSft, If«^3xl O- 6 Torr fc^SELfc. 

ITOjlflSlt, M*^#^A-2 2W 
fli^^«atK0. 2 nm/sec T5 5nm»«t 
3K*U MltU. fcWC, **>±fc, 1, 3-b* 
X C 5 ' - (p-tert-7'^-7xX/|/ - 1 , 3, 4 
-^^ty'r/-;H2' -'f/I/ ^y-e>£, 
SO. 2 n m/sec T 7 5 n m<0J?S L , 

Sr . Htf 0 . 2 n m/sec T'2 0 0nm»f$ 

^* (Miti 0:1) txmmt u ^wxmytm 

MT\ 14V<7)iS8S1lESrWJllU3ti:i*. 6 3mA/ 
c m2 0«SKd%B*lfc. »K 1 2 5 0 c d/ m 2 <o#*i 

[01013 H*tCT50 

ff?2 0 0nmWITOSB|t| (ftffi) #9 
x*K*. fttffiffh 7thy. x^y-;i/2rfflv^TS 

CHJgLfcl*, M*W2:3X 1 0" 6 Torr 
i-T, I TOlftiiiC, 4, 4' , 4" -r-UX 
[N- (3"'-^f/P7s-;H -N-7X-/P7S 
7] b ] Jy3.~)l>T$.yZ^mmm0. lnm/sec 

t , 5 0 n m<oJ5 $ izmrn I , ?&-IEftixA*l<i*Jl t L 
fc. <5^V%T% 4,4', -h'X [N-7x-;HN- 
( 1" -^7^) 757) ^x-^fc^-fb^tt* 
#A-l^k^|*j*, 4 sSMiaKO. 
2 nm/sec T*2 0 nmC0i?§^^* (MJtl 0 
0 : 5 ) U m~IE?L&A«iM«£*fc£%3\yi£ t 

fc. fcwc, ■eco-Bc. M>x 'jy^-h) 

r/WS— ^ASr, ||#3$JgO. 2 nm/sec T5 0nm 

|C, -?/*^2>i:ig&. l»S£j£0. 2 nm/sec T" 
2 0 0 nm<Z>ff3fc:&3l» (S*Jtl 0:1) LTUffi 

a, ^ mm 

tzt^b. 6 8 m A/ c m 2 ffyW^ffiWXtZ . XlJg 2 6 

5 0c d/m 2 WWSOfBfoWltgSftfc. 

[0102] mmms 1-6 3 

H»J 5 0 jcbwc , 0$ft(:6ft#^A - 1 cDlt&yni 

mm-tz m> 9 iz „ ffintt&im^ a - 3 <wk£m ( * 
itffi5 1 ) . WR-ft^i#-^A-4«^^ mmms 

2 ) . ^^%#-^A- 1 7<0<ffc£flO (l»J5 

3) . lWft^ft (SS»J5 

4) , 0^-ftl^to#^A-2 50^C^J (^««5 

5) , 0»ft^#^A-2 9c^tl^ 

6 ) s m^ikSVH^ B - 7 *Xfc£ft (H*fcfll5 7 ) , 
W^t-&ft»#B - 1 2<7){^t (SSJWH5 8 ) . flR* 



^^tt##C- 1 8«t^l (|gj|fe#lj5 9 ) , myitis 

m&c - 2 8^ii ( 9mm e 0 > . w^it-som 
9<Mt&fo {mime 3) hwhusew*, intwis 

*i-e*UDJim=, «£*s#HM~r\ l 2V«iea«EESrEp 

ffi&PK. $£*£Sil3j<l (H8) tc*L£. 
[0 103] 
[H8] 











(cd/m 1 ) 


On A/ cm 2 ) 




2 4 8 0 


5 6 


mm* 2 


2 7 2 0 


5 5 


3 


2 6 10 


5 3 


mms 4 


2 4 8 0 


5 4 




2 6 6 0 


5 6 




2 5 7 0 


5 4 


^feM5 7 


2 5 5 0 


5 6 


£KN5 8 


2 5 2 0 


5 6 




2 5 8 0 


5 4 




2 5 9 0 


5 5 


^ttWI6 1 


2 7 2 0 


5 7 




2 4 6 0 


5 7 


lamed 


2 6 5 0 


5 7 



[0 104] HJ6#IJ6 4 

x»g£. x*y-;w£fflwcj@ 
hkzvv /xYymftLtz. mz, iTomwmmi. 

50000), 1, 1, 4, 4, -f r77i-/H , 
3-^y"xy (#fecO%3tefi!c*) . ?~?Vy6 C 3 

- ( 2 ' -o Vf-rv u/w) - 7 - i>'xf-;wr s y y 

A- 1 OO-ft^^, -etl-f^««itl 0 0:5:3: 

2(50SiJ^-T-&#-f-|. 3mM%cr> : J'?Yix3x.'?ym&$:Wi 
V^T. f-f'yTn-hffitJ:! 4 0 0 nm<D3S3KJf£ 

mt/c. mz, z<7)wtMtti-&*f : 5AgM*, m 
%gm<7>&m.*Ji>y-< l zmmLtzik. mmmz3xi o 

-s Torr l:JSffiLfc. §^>^. ^3t«<0±tC, 3- 
(4' - tert -7f;L-7i ) -4-7I-/H5- 
( 4 " -t'7x-;H 1 , 2 , 4-h'J TV-JVZWM 

3£jg0 . 2 nm/sec t*2 0 nm<Ol?§{C^L7tf*. 

SiotC^fOit, hUX (8-^7U77- h) 
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--7A2r, mmM&O. 2nm/sec T*30nm£7)J?3 

^•^x^AtiBS:, iR*i£K0. 2nm/sec T'2 0 0 
nmc7)/f§^M* (Siitl 0:1) LXmmt U 

^mm&ftftm^zftWiLtz, fmLtz^mm^^m 

?lz , &$#BmT ,12V coifi^E * ma Ltztz 

6, 6 8mA/cm2 CO^J&Wlfc. 1 1 4 0 c 
[0 10 5] HJ6CT6 5-7 0 

mmm 6 4 , wmit^m^A - 1 o wt-$® 

Sr ffl v > I) ft*> 0 . flai^bl^#-f- A - 1 8 co-fb-g* 

(mmm6 5 > , pj^-fb^#-^A-2 9co^m (m 
mme 6) . ^j^t^*-^c-4^b^ (»^J6 
7) , «^b^#-^c-2 ?,<n\Y^m mw&\t> 

8 ) , ^-fC^##C - 2 8«^ft (SSJtefllJ6 

9 ) , ^t-^)#-^c- 5 4cr>i\Lim mmmi 0 ) 

IT, l 2V»ittii£«JE*EPJnL./sti*, afecofBfc 

(«9 ) iz^Ltc. 
[0 106] 
[*9] 

»4« 











(cd/m« ) 


(mA/cm 1 ) 


HEMM6 5 


12 4 0 


7 5 


^4fcW6 6 


12 3 0 


7 4 


%«M6 7 


12 4 0 


7 6 


%MM6 8 


12 4 0 


7 7 


?5fcH6 9 


12 6 0 


7 4 


*lfc«7 0 


12 5 0 


7 5 



[ o i o 7 ] mmm7 1 

S$2 00nm«ITOIB|tS (KftS) 

4"bMJ, r-trb-y, x^y-^^ffl^T*g 

tC, ilv'J-N- 1 -;^;^n'V-^ (fia^^i 1 
5 0 0 0 0), 1 , 3 - t'X C 5 ' - ( p -tert- ^f- 
/l^7x-;k) -1, 3, 4-^-df-9-i/'TV"-^-2' - 

a )v~} Ky^ynxt/mmt^m^A - 3 <m£m 

Sr. **l<rftM*Jtl 00 : 30 : 3<rM&~Qtt~th 
-(CfflJELfctl, Ifffl^3X 1 0-6 Torr O&EL 



SlJgO. 2nm/sec T2 0 0nmOff?taH(f 

«Jti o : i ) Lxmmt u #«w#f63t*?-«:tf* 

SVcOltSmESrEpSDL^i:-!^, 74mA/cm' <7) 
[0 108] ttWJ3 

M&*tA - 3 4Xfc£ft<0ffcb <0 IZ , 1, 1, 4, 4-r 
H57i-;H 1 . 3-y^^'x^SrfiOTLJtJ^WS, 

iut«7 1 ^iBtt^atcj; o 

Ltc, im Ltz^m^mtm^z, mmm^r. 1 

5V<nmmi±*m\!iLtztc\b. 8 6mA/cm2 CO 

mwifc. i»«7 50cd/m2 on&nmttm 

if $2 0 0 nm<7)ITO^mSi 

x*«£, *tti5WJ, T-fehV, x^y-^fcfflWCjB 

t, 7K'J#-#*-r- (lif%^i50 00 0) , 
4, 4' -fX [N-7x-;HN- (3" 

rsy) t'7i-;k fx (2-^^-8- 
^•yjy^-h) r^s-^A-^-^-dfy-fx (2 

-X+)V-S-*/V Jv—Y) T)V$.-*7&t5£UM 
mfc&m^C - 1 8 CDltSWZ , ^tl^'ixS*J:b 1 0 
0:40:60:1 ««£T£**-* 3S*%«0^n 
nx^yiiJffl^t, -r-f 773- h^CiO, 3 0 
Onm<Ol63KSSrmt7t. JXfc s i^3tSS-*-tS 
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